5
The results indicated that the ratio of complete CEGs coverage were 79.84%, 81.05% and 128 85.48% respectively, and the ratios of partial coverage of the three species were more than 96% 129 (Table S9) . 130 131
Pairwise whole genome alignment 132
Pairwise whole genome alignment among Sg, Sr and Sa was carried out using LASTZ, with the 133 parameters setting as: C=2, T=2, H=2000, Y=3400, L=6000, and K=2200. Subsequently the 134 Chain/Net package was used for post treatment. The genomes were masked with RepeatMasker 135 repeats at "-s" setting and TRF tandem repeats of period ≤ 12 (Table S6 ). The aligned length 136 between each two was about 760 Mb (Table S7) . 137 138
Multiple whole genome alignment 139
The 3-way whole genome multiple alignment of Sg, Sr and Sa was generated using multiz 140 following the topology of species tree. The Sa genome was set to be the reference, and for input 141 pairwise alignments we carried out in-house generation of the Sg versus Sr and Sg versus Sa 142 alignments ( Figure S7) . 143 144
Detection of segmental duplication in Sinocyclocheilus genomes 145
We analyzed the Sg, Sr and Sa genome assemblies using Whole Genome Analysis Comparison 146 (WGAC) approaches that were designed to detect genomic duplicates >1-kb length and >90% 147 sequence identity. 148
We applied LASTZ designed for long genomic sequence alignments within Sg, Sr and Sa 149 assemblies. First, self-versus-self LASTZ alignment was performed using the repeat-masked 150 genome sequences, and then chaining of well-ordered neighboring alignments. We obtained the 151 seeding segmental duplications (non-repeat alignment length >500 bp and overall identity >85%), 152 and then reintroduced the masked repeat regions to perform optimal global alignment to refine the 153 alignment identity and define the boundaries of segmental duplications more accurately. The 154 resulting alignments that extended to >1-kb length and had >90% sequence identity were deemed 155 segmental duplications (Table S8) . 156
From the results, we observed that segmental duplications in the Sinocyclocheilus genomes 157
were more than those in other fishes. However, we are not sure whether the results were due to 158 chromosomal rearrangements or chromosome doubling. SINEs). We identified repetitive sequences or transposable elements (TEs) of three fishes based 166 on combination of homology and de novo prediction methods using a variety of softwares [7] . 167
We performed homology-based prediction by running the RepeatMasker (version 3.3.0) [8] 168
with the default parameters against the Repbase [9] , and using TE library (version 16.10) as well 169
as RepeatProteinMask also with the default parameters at the DNA and protein levels to identify 170 repeat sequences. For de-novo prediction of TEs, we searched the denovo-prediction-build repeat 171 library using RepeatModeler (version 1.0.5) and generated TE results with classification 172 information for each repeat family by running RepeatMasker on the genome sequences 173 subsequently. Tandem repeats were also searched using the Tandem Repeats Finder (version 4.04) 174
[10] with parameters "Match=2, Mismatch=7, Delta=7, PM=80, PI=10, Minscore=50, and 175 MaxPeriod=2000". We generated the final results (Tables S10 to S12) with integrating all of the 176 repeat annotation results using an in-house perl program. The sequence divergence rate was also 177 calculated for each family of TEs ( Figure S8 There are some adaptor sequences and/or low-quality reads presented in the raw reads. In order 243 to obtain high-quality reads, we applied an in-house C++ program to filter our raw reads. The 244 procedure included the following steps: 245
Remove reads with adaptor sequences. 246
Remove reads that contained > 10% ambiguous base calls (Ns). 247
Remove low-quality reads that contained > 40% low-quality base calls (quality score ≤ 5). 
Gene family cluster

262
Orthologs refer to homologous sequences derived by a speciation event from a single ancestral 263 sequence in the last common ancestor of the examined species. We defined gene families using 264
TreeFam (http://www.treefam.org) among the three Sinocyclocheilus species (Sg, Sr and Sa) and 265 seven other vertebrates, including fugu, green-spotted puffer, three-spined stickleback, Atlantic 266 cod, medaka, zebrafish, and human. First, we ran all-vs-all blast with the e-value of 1e-7 using ten 267 species's protein sequences to rapidly find an initial list of possible matches. Then, we conjoined 268 the blast alignments by Solar, removed genes with aligned ratio < 0.33, converted the bit score to 269 percent score, and grouped the genes by hcluster_sg (https://pypi.python.org/pypi/hcluster, 270 version 0.5.0). Eventually, 17,883 gene families and 210 single-copy gene families were 271 generated. The numbers of orthologous genes across the ten species were counted ( Figure S13 , 272 Table S19 ) and plotted in a Venn diagram ( Figure S14 ). 273 274
Phylogenetic analysis 275
We constructed phylogenetic trees using the gene sets of Sg, Sr and Sa, together with seven 276 other published vertebrate genomes (fugu, green-spotted pufferfish, three-spined stickleback, 277
Atlantic cod, medaka, zebrafish and human). Since Sinocyclocheilus are tetraploid, the 278 single-copy families were rather fewer than in other vertebrates. We extracted these genes with 279 two-copy families in Sinocyclocheilus but one-copy in the other seven vertebrates, and then 280 removed the shorter one of the two copies in Sinocyclocheilus, hence the remaining longer genes 281 were presented as a group of single-copy families. Together with the original 210 single-copy 282 families, we obtained 3,181 single-copy families. Subsequently, we extracted amino acid 283 sequences from the 3,181 single-copy genes to concatenate one super-gene, and constructed 284 phylogenetic trees using maximum likelihood (ML) method in PhyML [32, 33] were used to reconstruct the phylogenetic trees with the same pipeline and parameters as 290 described above [35] , which also supported the same phylogenetic relationships. These topologies 291 of the species tree are shown in Figure S15 and S16. time using the mcmctree [37] in PAML [38] with default values in parameter settings. 300
Furthermore, we also recalculated the divergence time using the multidivtime [39, 40] program. 301
The generated chronogram using mcmctree in PAML based on 4d codon positions revealed that 302
Sr emerged first from other two species at 26.3 Ma, and Sg divided from Sa at 17.5 Ma. We also 303 obtained similar results when using other methods (Multidivtime, CDS sequences) and datasets 304 artificial breeding of Sg) and the mutation rate (m=3.51x10
-9 per year per nucleotide) [42] . 312
Reconstructed population history was plotted for Sg, Sr and Sa separately using gnuplot4.4 [43] . 313 314 4.5 Gene family contraction and expansion 315 According to the above-mentioned phylogenetic trees and divergence time, we explored gene 316 families that underwent a significant change in Sinocyclocheilus lineages. After filtering the 317 families that have only one copy member or those have more than 200 copies in one species while 318 other species had less than 2 copies, we performed Sinocyclocheilus lineage-specific expansion 319 and contraction analysis using the CAFÉ program [44] . Based on a random birth and death model 320
[45], a global parameter λ was estimated using maximum likelihood. Then, gene family numbers 321 in each species and their ancestor were estimated. Comparing each branch and their ancestor 322 branch, a conditional p-value was calculated and families with p-value less than 0.05 were 323 marked as a significant change [46] , which means it underwent contraction or expansion in the 324 process of evolution (Figure 2a) . 325
After that, the families that significantly change in size were subjected to GO/KEGG/IPR 326 enrichment analyses along each Sinocyclocheilus lineage, respectively (Table S24) [55] . All the above genes may be connected to physiological and morphological 372 changes in cavefishes. 373
In the Sr branch, we also found DHX30 and Rab3gap1 underwent positive selection. 374 Accordingly, we found DGKI, a member of type IV diacylglycerol kinase subfamily, may play a 375 crucial role in the production of phosphatidic acid in the retina or in recessive forms of retinal 376 degeneration (from NCBI, no reference). Mutations in HPS1 may play a role in organelle 377 biogenesis associated with melanosomes, platelet dense granules and lysosomes, and are 378 associated with Hermansky-Pudlak syndrome type 1 which characterized by oculocutaneous 379 albinism, bleeding and lysosomal storage defects [56] . GIPC3 has also undergone positive 380 selection; its mutations are associated with autosomal recessive deafness [57] . To define Hox genes in the three Sinocyclocheilus genomes, the Hox genes of zebrafish were 389 downloaded from ensembl, then reciprocal best ortholog analysis was used with an e-value cutoff 390 of 1e-5 and filtered with less than 80% of alignment and 75% overall amino acid identity. 391
The gene numbers for the Sinocyclocheilus species were nearly twice of those in zebrafish 392 (Table S18) The synchrotron X-ray microtomography experiments were performed at BL13W1 beamline of 476 Shanghai Synchrotron Radiation Facility. A specimen was held in a vertical tube mounted on a 477 sample stage. If the specimen was larger than the X-ray beam, the sample stage was moved 478 vertically for continuous scans. Specimens were imaged with 13 keV monochromatic X-ray at 9 479 um resolution for larger specimens, and at 3.7 um for juvenile specimens. The slices were 480 reconstructed using the FBP algorithm, and 3D renderings were created and manipulated in 481 Ensembl database and aligned to our gene sets using blastp with E-value <1e-5. The homolog 488 genes of the three Sinocyclocheilus species were determined according to the identity with 489 zebrafish's category and the copy numbers were counted (Tables S25A to S25E shown in Figure S28 . The Sinocyclocheilus genes were classified according to the zebrafish gene 498 nomenclature. Among 60 crystallin genes, 29 zebrafish genes were defined as outgroup compared 499
with Sinocyclocheilus genes, however, 4 zebrafish genes cannot be distinguished from those of 500 the Sinocyclocheilus species. Crygm2d gene in the Sinocyclocheilus fishes cannot be classified 501 into any particular category, although it was the closest to Crygm2d12 of zebrafish ( Figure S28) . 502
Development and maintenance of photoreceptors requires a series of transcriptional factors 503
including Crx (cone-rod homebox ), Nrl (neural retina leucine zipper protein ), Otx2 504 (orthodenticle homolog-2), Otx5 (orthodenticle homolog-5), Nr2e3 (nuclear receptor subfamily 2 505 group E member 3), Thrb (thyroid hormone receptor beta ), Guca1a (guanylate cyclase activator 506 1A), Gnat1, Gnat2, Irbp (interphotoreceptor retinoid-binding protein ), Rorb (RAR related orphan 507 receptor beta ) [68] . Our eye transcriptome analysis of the three Sinocyclochseilus species showed 508 that the expression levels of transcriptional factors were Sg>Sr>Sa (Tables S25A to S25E, S26A  509 to S26D, Figures S25A to 25B ). Ten transcriptional factors (Crx, Nrl, Otx2, Otx5, Nr2e3, Ggca1A, 510
Gnat1, Gnat2, Rorb, Rx3) were significantly down-regulated in Sa compared with Sg and Sr. On 511 the contrary, some intriguing non-vision direct related genes showed different expression patterns 512 in the three species. For example, the expression (RPKM value) of Irf6 (interferon regulatory 513 factor 6) in Sa was 158.6, which was significantly higher than Sg (2.2) and Sr (0). Irf6 is related 514 to the formation of connective tissue and play a critical role in keratinocyte development [69] . 515
Tubulins are a small family of globular proteins. The most common members of the tubulin 516 19 family are α-tubulin and β-tubulin which make up microtubules. The expression of tubulin alpha 517 chain in Sa was 18.9 while there was no expression in Sg and Sr. These genes may be involved in 518 formation of connective tissue and degeneration of eyes in the cave-restricted Sa. 519
Meanwhile, the expression of peripherin2 (photoreceptor outer segment membrane 520 glycoprotein 2) was detected in Sg (90.1) and Sr (1.5) while there was no expression in Sa. 
Pigmentation
534
To define orthology genes related to melanogenesis in the three Sinocyclocheilus genomes, a 535 blastp analysis was employed with the e-value cutoff of 1e-5 using Sg, Sr, Sa coding proteins, 536 respectively. When setting human pigment protein genes as the reference, we picked the best hit 537 for each pigment gene in the three species, and then filtered those with less than 50% of matching 538 rate and less than 50% overall amino acid identity (along the entire sequence). Reciprocal 539 best-match pairs were defined as orthologs. Multiple sequence alignments (MSA) were 540 performed using MUSCLE. 541
Tyr (Tyrosinase) is a key rate-limiting enzyme in the melanin production. Mutations in this 542 gene cause human oculocutaneous albinism 1. By comparing Tyr ortholog sequences, we found a 543 nucleotide mutation (G419R) in one copy of Sa (also testified by PCR), which is identical with 544 one of human mutations in Tyr (http://www.ifpcs.org/albinism/oca1mut.html). This mutation site 545 Figure S18 . 547
We also checked melanin-associated-gene expression in the skin transcriptome of the three 548
Sinocyclocheilus species. Compared to Sg, Tyr (P-value of 1.69E-05, FDR of 3.38E-05) and 549
Tyrp1 (P-value of 3.87E-67, FDR of 1.55E-66) in Sa was significantly down-regulated, while no 550 20 expression was detectable in Sr. Meanwhile, Dct expressed in Sr was significantly up-regulated 551 (Table S20 ). The expression levels of genes in the melanogenesis pathways in Sa are the lowest. We downloaded Edar encoded protein (ENSDARP00000045289) from the zebrafish genome 561 and predicted two copies of Edar genes in the three Sinocyclocheilus genomes. Subsequently, we 562 aligned these proteins using MUSCLE against ENSDARP00000045289 and found deletions 563 ( Figure S20 ) in the Edar gene of Sa. 564
In our work, we found two copies of Edar genes in the genomes of the three Sinocyclocheilus 565 species while both of the two copies in Sa present deletions (also testified by PCR) including 566 signal peptide. These signal peptides guide new protein transfer across the membrane and parts of 567 the extracellular region. The deletions may make the functional protein incomplete resulting in 568 little scale covering on the skin surface of Sa ( Figure S29 ). 569 570
Hearing
571
Using the same method as described in the pigment-related genes, we obtained a series of 572 genes associated with deafness and ear development. MSA was executed to find unique 573 amino-acid changes. Mpv17 encodes a mitochondrial inner membrane protein associated with 574 mitochondrial DNA depletion syndrome. It has been reported that a Mpv17-deficient mice can 575 cause severe morphological degeneration of the cochlea, resulting in sensorineural hearing loss at 576 2-months-old [78] . We took out the best hit for Mpv17 and found that one copy of this gene in Sa 577 has a deletion in the signal region which may lead to the functional decline ( Figure S22 ). Ush2a 578 is another gene that altered significantly in Sa. Two amino-acid changes, R334S [79, 80] and 579 Protein sequences of 2,157 human immune response genes were downloaded from GO 597 database. A blsatp analysis was used with the e-value cutoff of 1e-5 to identify homolog genes in 598 zebrafish and the three Sinocyclocheilus species. Then, the following steps were used to filter 599 those candidate genes: a) deleted genes with identity and align rate less than 30%; b) executed 600 GO enrichment and removed genes that are not immune-related GO terms; c) discarded genes 601 that appeared with many immune-related GO terms. At last, we acquired the specific information 602 of immune genes of each Sinocyclocheilus species (Table S21) . 603
The immune ability of cavefishes was suspected to be lower than surface fishes. The Tlr gene 604 family is a group of innate immune specific receptors. We analyzed the Tlr gene family among 605 the three Sinocyclocheilus species and zebrafish, and found that Tlr 5 in Sa is contracted ( Table  606 S22). We performed similarity analysis with eleven sequenced fishes and representative species 607 of four branches (mammals: human and mouse, birds: chicken, amphibians: toad, reptile: anolis 608 and turtle) ( Figure S27 ). The data showed that the fishes' Tlr copy numbers are greater than those 609 found in the other branches, and the Sinocyclocheilus Tlr genes are closer to those of zebrafish, 610 which is consistent with their close phylogenomic relationship. 611 612 6.6 Circadian rhythm
613
Previous research has shown that cavefishes lack circadian rhythms because they live in 614 perpetual darkness [83] . Mexican blind cavefish, Astyanax mexicanus, has a phenotype with 615 reduced sleep in comparison to surface populations [84] . We checked the rhythm pathway gene 616 22 copy number and their expressions in the semi-cave fishes Sr and cavefish Sa. Related zebrafish 617 genes were downloaded from the KEGG pathway database (map 04710) and aligned to the gene 618 sets of the three Sinocyclocheilus species. The homolog genes of these species were determined 619 according to the identity with zebrafish's category and their copy numbers were counted ( Table  620 S27). Homolog protein sequence multiple alignments were performed with MUSCLE and the 621 structural variations were validated. The data demonstrated that both copies of Skp1 protein in Sa 622 were deleted in the N-terminal ( Figure S24 ) (also testified by PCR). It was reported that Skp1 623 protein serves as an adapter in SCF complex, which links the F-box protein to Cul1 and plays an 624 important role in the maintenance of animal circadian rhythm. Meanwhile, transcriptomic 625 analysis showed that the rhythm genes' expression levels in the three Sinocyclocheilus species 626 declined in the order Sg>Sr>Sa ( Figure S26 ). These observations together suggest a weak 627 circadian rhythm in the cavefish Sa. Tas1r3 form a heterodimer to detect the umami taste, whereas peptides of Tas1r2 and Tas1r3 form 633 a heterodimer for sweet detection. Tas2r genes are responsible for the bitter taste [85] . 634
Furthermore, ENaC and Pkd2l1, channels responsible for sensing salty and sour tastes, 635 respectively. In the three Sinocyclocheilus genomes, the copy numbers of Tas1r3 and Pkd2l1 were 636 double those in the zebrafish genome. In particular, the copy number of Tas1r2 (responsible for 637 sweet) was more than double compared with zebrafish, suggesting that the Sinocyclocheilus 638 fishes were more sensitive to sweet (Table S28 ). The ENaC gene was not identified in the three 639
Sinocyclocheilus genomes and this may suggest that Sinocyclocheilus fishes have lost the ability 640 to taste salt. 641
In conclusion, the genomic data suggest that the Sinocyclocheilus fishes are likely able to sense 642 umami, sweet, bitter, and sour tastes, but not salty, which is consistent with their current 643 freshwater environment. 644
